Background: Type-2 diabetes mellitus (T2DM), is becoming an important health problem worldwide. Diabetes mellitus may be associated with low grade chronic inflammation and oxidative stress; both of them could contribute to its pathogenesis. The use of anti-inflammatory and/or antioxidant drugs, therefore, represents a promising attempt for treatment and/or prevention of this disease. Objectives: To compare the effect of diclofenac sodium alone and when combined with paracetamol in type-2 diabetic patients not achieving target HbA1c. Patients and Methods: Twenty four, type-2 diabetic patients consulting the Center for Diabetes and Endocrinology in Maysan, south of Iraq, had managed to complete the 3 month period of the first part of this study after meeting a set of inclusion criteria. Their HbA1c was more than 7% despite the continuous use of oral antihyperglycemic drugs. The effect of diclofenac was compared with another group (n=21) that received paracetamol in addition to diclofenac sodium. Blood samples were taken from before, one month and three months after the start of treatments for measurement of HbA1c, C-reactive protein, C-peptide level and more frequently plasma glucose level (fasting/random). Another sixty patients of similar inclusion criteria were also followed for three months but without treatment and served as a control group. Results: The effect of one month treatment with diclofenac sodium alone or in combination with paracetamol resulted respectively in a reduction in HbA1c by 9.4% and 11.4%, a reduction in CRP by 62.1% and 79.6%, an increase in C-peptide by 262.5% and 216%, a reduction in FPG by 11.2% and 18.1% and a reduction in RPG by 40.3% and 24.8% in comparison to pre-treatment levels. The HOMA-ß C-peptide measured in a limited number of patients treated with diclofenac sodium or its combination with paracetamol showed an increase by 405.3% and 330.6% three months after start of treatment for the two groups respectively. The control, non-intervention group did not show significant changes in the levels of HbA1c over the three-month period. Conclusion: Diclofenac sodium 100mg SR capsule administered once daily for one month seems to be effective in achieving a good glycemic control in patients not achieving target HbA1c. The addition of paracetamol to diclofenac did not show a clear synergistic effect, despite paracetamol beneficial effect that had been shown in a previous study.
INTRODUCTION
he prevalence of type-2 diabetes mellitus (T2DM), is increasing worldwide, and the total number of people with T2DM is estimated to rise to 526 millions in 2030.
[1] In a study published in 2008, the prevalence of T2DM in Basrah (Iraq) was reported to be 7.43%.
[2] Both obesity and T2DM share a metabolic event characterized by insulin resistance and chronic inflammation.
[3] Chronic inflammation causes insulin resistance by interfering with insulin receptor signaling. Chronic inflammation through proinflammatory cytokines is one of the major factors for progressive loss of beta cell function and mass.
[4] Therefore, the use of non-steroidal antiinflammatory drugs (NSAIDs) may contribute to the treatment of T2DM through these mechanisms. Abdullah [5] studied the effect of diclofenac sodium in 54 patients with T2DM not achieving target HbA1c and found it beneficial in significantly reducing HbA1c level in the majority of patients recruited for that study. However, Khathem et al [6] in a similar study and a smaller number of patients found a significant effect on fasting serum glucose but not on HbA1c after 60 days of treatment. Oxidative stress, on the other hand, had been described to play a major role in the pathogenesis of diabetes mellitus; both in its onset and complications.
[7,8] Insulin resistance was linked to oxidative damage of essential macromolecules in insulin sensitive tissues. Prolonged exposure to hyperglycemia and impairment of oxidant/antioxidant equilibrium can result in oxidative stress which can, in turn, lead to beta cell dysfunction and decreased insulin secretion.
[10] Thus, oxidative stress and hyperglycemia can reinforce each other. Several studies have suggested that many of these offlabel applications of paracetamol such as its beneficial effect on blood glucose levels, may be derived from its ability to function as antioxidant.
[11-15] We had already tested the effect of paracetamol 1000mg daily for one month and found it effective in reducing HbA1c level two months after cessation of paracetamol treatment.
[16] The aim of the present study is, therefore, to investigate the effect of paracetamol (as antioxidant) when used in combination with diclofenac sodium (as antiinflammatory) on the glycemic control of patients with T2DM.
PATIENTS AND METHODS
Diabetic patients consulting the Center for Diabetes and Endocrinology in Maysan (southeast of Iraq) during the period from November 2012 to April 2013 were included after meeting a set of inclusion criteria. The study protocol was approved by the College Council and Ethical Committee at the College of Medicine, University of Basrah (south of Iraq). The study is open-label, therapeutic, outpatient-based study to compare one-month treatment with diclofenac sodium alone or in combination with paracetamol on the glycemic control of diabetic patients. All patients were selected during their consultation to the Center for Diabetes and Endocrinology in Maysan. T2DM Patients not achieving target HbA1c level, previously diagnosed for more than one year, age between 30-60 years, no associated cardiovascular diseases, body mass index is 25 or more, on oral antihyperglycemic drugs (both sulfonylureas and metformin) for not less than 6 months, FPG is 126 mg/dl or more, RPG is 200mg/dl or more and HbA1c is 7% or more, no contraindication to the use of paracetamol or NSAIDs, not using aspirin or other antiinflammatory drugs for at least 2 weeks before being included in the study. Patients were randomly divided into two groups according to T the type of treatment. Randomization lists, one for males and one for females, were prepared in blocks of 10 (5 patients for each treatment). Diclofenac sodium (Voltaren, Mepha, Switzerland), 100 mg SR capsule and paracetamol (Doliprane, Sanofi, France), 1000mg tablet as single daily doses in the morning after meal were used. Because the gastrointestinal adverse effects of NSAIDs may occur without symptoms in the majority of patients, the proton pump inhibitor (Omeprazole, 20mg before meal in the evening) was prescribed to all patients receiving diclofenac sodium. Patients were seen every 2 weeks in the first month to receive the treatments, to check for compliance and to question them about possible side effects. Plasma glucose level (fasting or random) and other laboratory investigations were also done in the meantime. Lipid profile, liver function tests, renal function tests were performed for all patients before starting treatments; and renal function tests were also followed 2 weeks after treatments. All patients were already receiving metformin (Merck, France), 850mg twice daily and glibenclamide (Sanofi-Aventis, France), 5mg daily provided to them by the Center. SPSS (Statistical Package of Social Sciences) version 20 was used for statistical analysis. Paired t test was used to test significance of changes at 0, 1 and 3 months after the start of treatments.
RESULTS

Characteristics of the patients
Out of the 63 type-2 diabetic patients recruited for this study, 45 managed to complete the three month-period of the study. The remaining 18 patients (8 from diclofenac group and 10 from the group of diclofenac and paracetamol) were not able to complete the study and had defaulted at various times of the study. The main reasons for defaulting seem to be attributed to the requirement for frequent visits and blood sampling and the far distance of their residence. Patients in the control group were selected using the same inclusion criteria and found fairly comparable with that of the study groups in terms of age, duration of diabetes, HbA1c% and other parameters (Table-1 HbA1c level before starting treatment with diclofenac was 8.5 ± 0.25%. This was reduced by only 2.35% after one month of diclofenac treatment. However, a statistically significant reduction (by 9.41%, P = 0.017) was achieved two months after stopping diclofenac treatment. The CRP was reduced significantly by 50.5% one month after the start of diclofenac treatment (P=0.063). Slightly more reduction occurred two months after cessation of diclofenac treatment (Table-2) . C-peptide level increased significantly by 93.8% after one month of treatment with diclofenac sodium (P < 0.001). This increase became more clear two months after cessation of diclofenac treatment (an increase by 262.5%, P < 0.001).
There is an insignificant reduction in FPG by 10.4% and 11.2% after one and three months after the start treatment with diclofenac sodium respectively. There is a statistically significant reduction in random plasma glucose by 22.8% (P < 0.001) after one month of diclofenac treatment. This reduction continued to increase two months after cessation of diclofenac treatment 40.3%.
3. The effects of one month treatment of diclofenac sodium 100mg SR capsule and paracetamol 1000mg tablet once daily on type-2 diabetic patients not achieving target HbA1c (n=21).
The mean ± SEM of HbA1c before the start of treatment is (8.58 ± 0.2). This had been reduced to (8.38 ± 0.34) after one month of treatment with the combination (a reduction by 2.33%, P = 0.475). HbA1c levels continued to decrease two months after stopping treatment reaching a level of (7.6 ± 0.024) a significant reduction by 11.4%, P < 0.001 (Table-2, Figure-1 ). CRP decreased by 2.72%, after one month treatment with the combination but this reduction is not significant (P = 0.96). However, two months after stopping treatment, CRP continued to decrease reaching a level of 3±0.25 (a reduction by 79.6%, P = 0.064). C-peptide level is increased significantly by 113.2% one month after treatment. The Cpeptide level continued to increase two months after cessation treatment (an increase by 216%, P < 0.001) FPG level was significantly reduced but only by 14.2% and 18.1% one and three months after the start of treatment respectively (Table-2) . Random plasma glucose after one month treatment is reduced significantly by 17.3% (P = 0.002). Two months after stopping treatment random plasma glucose continued to decrease and it was 24.8% less than pre-treatment level (P = 0.002). No significant changes were found in the control group over the three months of the study period as to the level of HbA1c, FPG, and RPG when measured at one and three months compared with zero time.
DISCUSSION
Inflammation can cause or increase insulin resistance as well as insulin deficiency.
[17] The source of the inflammatory mediators are cells like adipocytes and macrophages. Markers such as CRP and IL-6 are found to be elevated in type 2 diabetes.
[18] Therefore, the reduction in these inflammatory reactions may help in improvement of glycemic control in DM.
[19]
Obese diabetic patients with BMI > 25 where they are expected to have chronic inflammatory states, were included in the present study. The non-steroidal anti-inflammatory drug; diclofenac sodium 100mg daily orally was given to these diabetic patients who were not achieving target HbA1c. It resulted in a significant reduction in HbA1c level by 9.41% two months after cessation of diclofenac treatment. Diclofenac sodium as an antiinflammatory drug is expected to reduce the level of CRP which was significantly reduced at the end of one month treatment and two months later. C-peptide was increased significantly after one month of diclofenac treatment (by 93.8%) and two months later (by 262.5%). These two mechanisms (anti-inflammatory effect and increased release of insulin) might be responsible for the favorable effect of diclofenac on HbA1c level and on RPG but probably not on FPG. This might indicate that diclofenac is more effective when plasma glucose is high such as that occurring postprandially. Khathem et al [6] studied the effect of diclofenac sodium 50mg twice daily for 2 months on poorly controlled T2DM. They found a significant effect on FPG, but not on HbA1c levels. However, the sample size in their study is only 12 (2 males and 10 females). The small sample size might be responsible for not detecting any potential effect of diclofenac sodium on HbA1c. Abdullah [5] in Basrah, Iraq also studied the effect of diclofenac sodium (100mg once daily) on 54 type 2 diabetic patients not achieving target HbA1c. The study resulted in a statistically significant reduction in HbA1c level by 10.9% after one month treatment with diclofenac sodium and 19.9% two months later. Similar effect of diclofenac on fasting and post-prandial plasma glucose levels was found. The results of the present study and that of Abdullah 2013 are in the same direction although they differ slightly in the extent of effect particularly on HbA1c levels, probably due to larger sample size (54 patients compared to 24 patients in the present study). The reduction in HbA1c obtained in the present study and in the study of Abdullah than that previously reported using another NSAID; salsalate. In a recent study, salsalate, when administered in dosages of 3.5g/d for 48 weeks, reduced HbA1c levels by 0.37% compared with a placebo group.
[20] The comparison in the latter study is with a placebo group rather than with pre-treatment level as in the present study. Again, and as reported by Abdullah, [5] the effect of diclofenac became more clear two months after cessation of diclofenac treatment. This delayed effect seems to be consistent in the two studies. However, it may point to a significant impact, inflammation has on the glycemic control and on insulin action. All diabetic patients in the present study were on treatment with oral antihyperglycemic drugs; both metformin and a sulfonylurea. Therefore, an interaction between diclofenac sodium and the oral antihyperglycemic drugs cannot be excluded since diclofenac and sulphonylureas are both highly protein bound. Diclofenac can displace glibenclamide from its protein binding site and enhance its effect.
[21]
Sone et al [22] found that this effect of NSAIDs is often seen in diabetic patients receiving sulfonylureas. Similarly, antihyperglycemic drugs can also reduce CRP levels.
[23] CRP was decreased significantly by 50.5% one month after diclofenac treatment and this reduction is increased 62.1% two months after cessation of treatment. Again, the possible interaction between diclofenac sodium and oral antihyperglycemic drugs might contribute to the sustained effect on CRP and other parameters two months after cessation of diclofenac treatment. Oxidative stress is one of the factors that lead to T2DM, and it, in association with hyperglycemia, can reinforce each other.
[24]
The increase in antioxidant capacity may, therefore, help in improving glycemic control in DM.
[25] Several experimental and clinical studies suggest that paracetamol (acetaminophen) can improve blood glucose level; an effect that might result from its antioxidant properties.
[26,27] Moreover, several studies have suggested that the off-label applications of paracetamol may be derived from its ability to function as antioxidant.
[11-15]
Because there is a positive feedback between inflammation and oxidative stress,
[28] the effect of combining paracetamol (as a potential antioxidant) and diclofenac sodium (as antiinflammatory) on the parameters measured had been studied. These two drugs are frequently prescribed to the patients in clinical practice. The results showed that there was no clear additive or synergistic effect of the combination compared with the effect of each drug given individually. Three months after the start of treatment, the combination caused a slightly increased effect on HbA1c. Similar results were found with CRP and FPG. The use of omeprazole is to overcome the ethical issue of diclofenac-induced GI side effects. However, it represents a confounding factor since it is used with diclofenac but not with paracetamol. Fortunately, omeprazole as enzyme inhibitor affects the metabolism of diazepam, warfarin and clopidogrel which are metabolized by CYP2C19 and CYP2C9, but not that of diclofenac and paracetamol.
[29,30] The effect of proton pump inhibitors on HbA1c and glycemic control is controversial. Most of the studies that have reported a beneficial effect of omeprazole on HbA1c are not controlled, randomized clinical trials. A recent randomized, doubleblind prospective, placebo-controlled study of the proton pump inhibitor (esomeprazole) for 12 weeks found no improvement in glycemic control or insulin secretion in patients with type 2 diabetes.
[31] The findings in the present study indicate that paracetamol did not add much to diclofenac beneficial effect inT2DM.
